This laboratory introduces you to steady-state kinetic analysis, a fundamental tool for studying enzyme mechanisms. The enzyme studied, acetylcholinesterase (AChE), has a well-understood mechanism and carefully examined structure. Additionally, AChE is physiologically very important and is an example of "catalytic perfection." You will determine V max , k cat , and K M and then analyze the catalytic capabilities of AChE.
Running a Steady-State Enzyme Kinetics Experiment
The most common steady-state enzyme experiment holds the enzyme concentration constant and measures reaction rate (velocity, v) at varying reactant (substrate, S) concentrations. Velocity is the dependent variable and substrate is the independent variable. This experiment generates the Michaelis-Menten plot. An example follows ( 
Designing a Steady-State Experiment
Commonly, an assay solution contains buffer, substrate, enzyme and often a colorforming reagent. Your assays will start with a milliliter volume of buffer into which microliter volumes of stock substrate, stock color-forming reagent, and stock enzyme are diluted. To prepare for a steady-state enzyme kinetics experiment you have to fill out a chart similar to the one below. Understand that the concentrations you have just chosen are under assay conditions -that is, in the cuvette. You get these cuvette concentrations by adding small volumes of a stock [ASCh] to a larger volume of buffer (a dilution). You now need to calculate (a) the stock [ASCh] concentration and (b) the microliter volumes of this stock [ASCh] to be used for each of these assays.
Buffer volume:
You will use a 1:4 dilution of the tris buffer you prepared several weeks ago in a 3.0 ml assay volume. For the experiments you will use standard quartz cuvettes. This calculation is more complicated than it seems, because the total assay volume, V 2 , depends on the ASCh added, V 1 . To simplify the calculation volumes that are constant in each assay can be combined to yield:
Where ) and, finally, the measure of catalytic efficiency, k cat /K M .
Notes to Instructor
This lab assumes a working knowledge of the Michaelis-Menten equation as taught in the biochemistry lecture. Thus, in our schedule, this laboratory often comes near the end of the term.
This lab seeks to emphasize the very practical aspects of steady-state experiments. This means, calculations focus on determining volumes and concentrations. We find it important to emphasize to the students that without these "basic" calculations accurately done, the experiment will fail.
Prelab for AchE Kinetics
1. Briefly outline a step-by-step procedure for this steady-state experiment.
2. List your chosen stock substrate concentration and calculate how you make 10 ml of this solution if the substrate acetylthiocholine iodide has a molar mass of 289.18 g/mol). 
Construct a table showing the volumes of each reagent you will use for each assay and the corresponding [ASCh]:

Enzyme Kinetics Worksheet
Enzymes do two things really well -specific binding and catalysis:
The rate of an enzyme-catalyzed reaction is proportional to the concentration of ES: v = k cat [ES] (1) 
The rate approaches a constant, large value, k cat [E] total . This is termed the maximum velocity or V max . So, the Michaelis-Menten equation can be written:
It can be shown that the K M is numerically equal to the substrate concentration that gives 1/2 V max .
Work the following problems involving the Michaelis-Menten equation and plot. Problem 1 (3 pts.). Estimate K M and V max from the following plot:
Given [E] total = 5 x 10 -6 M, calculate the k cat for this enzyme.
Problem 2 (7 pts.). From the following data, prepare a computer-generated MichaelisMenten plot. Then, estimate V max and K M .
[S] (M) v (M/min) 2.0000e-05 6.7961e-05 3.0000e-05 9.2920e-05 4.0000e-05 0.00011382 6.0000e-05 0. Steady-state kinetics experiments supply numerical measures of an enzyme's capabilities, both catalysis and binding.
Vmax, kcat (the maximum velocity, the catalytic rate constant): In general, V max is not part of published studies because this value depends on [E] total . Instead, k cat is reported.
The catalytic rate constant (k cat ) is a measure of enzyme effectiveness at high [S] , when all enzyme sites are saturated with substrate. Substrate is "forced" onto the active site independent of the enzyme's ability to bind. The catalytic rate constant measures one important enzyme characteristic (catalysis) but not the other (specific binding). Enzymes that are better catalysts have larger k cat 's. This value can be understood as a turnover number. It measures the number of substrates "turned-over" to products per unit time by one enzyme when saturated with substrate. Thus, an enzyme with a k cat = 1500 s -1 converts 1500 substrate molecules to products per second under saturating conditions. The other enzyme with a k cat = 4500 s -1 is a three-fold more efficient catalyst.
K M (the Michaelis constant): The Michaelis constant is used in two different ways. First, it gives a good estimate of the "midpoint" for the hyperbolic Michaelis-Menten plot. This follows from the definition of K M as the [S] that gives 1/2 V max . The K M allows an estimate of the concentration range over which the enzyme is active.
Second, the Michaelis constant is a ratio of rate constants for the enzymecatalyzed mechanism. Commonly, the binding step rate constants play a prominent role. So, the K M can be used as a measure of specific binding -the smaller the K M the tighter the specific binding. However, it is important to note that the value of K M is also affected by catalysis (k cat ).
k cat /K M (the ratio of the catalytic rate constant to the Michaelis constant): This ratio is a measure of the overall enzyme efficiency -it takes into account both catalysis (k cat ) and a measure of specific binding (K M ). A more efficient enzyme has a larger k cat /K M while a less efficient enzyme has a smaller ratio. The larger ratio may be caused by the fact that an enzyme is a better catalyst (a larger k cat ) or because an enzyme is a better binder (a smaller K M ) or both.
To understand this ratio further we need a more detailed analysis of the reaction mechanism that comes from steady-state theory. Generally:
Chem Eq 1
Chem Eq 2
As nature improves an enzyme, specific rate constants change. The enzyme can be improved by being made a better catalyst -increasing k cat . And/or, it can become a better enzyme by binding more tightly -decreasing k -1 . The third rate constant (k 1 ) is not affected by the enzyme. Instead, k 1 is a constant and only depends on how fast E and S diffuse together. The k 1 value ranges from about 10 8 M -1 s -1 to 10 9 M -1 s -1 under physiological conditions.
For the "perfect" enzyme: (1) ES will almost never fall apart to E plus S (k -1 will be very small); ES will almost always immediately react to form products (k cat will be very large). Therfore, substrate will react as quickly as E and S diffuse together. The rate equation that expresses this situation is as follows:
Chem Eq 1 Chem Eq 2 Chem Eq 2 Under these conditions the enzyme can no longer increase the rate of reaction!! The rate depends only on how fast E can diffuse together with S. The reaction rate is out of the enzyme's control! So, there is an upper limit to the rate constant of an enzyme-catalyzed reaction (10 8 M The enzyme can be improved by becoming a better catalyst, increasing k cat and/or it can become a better enzyme by binding more tightly, decreasing k -1 . Either way, (k -1 + k cat ) approaches k cat for the best enzymes and Equation (7) becomes:
Then, the ratio k cat /K M equals k cat /(k cat /k 1 ) which is just equal to k 1 . The efficiency of the enzyme reaches an upper limit, k 1 . No matter how much better the enzyme catalyzes the reaction (increasing k cat ) or how much more tightly it binds substrate (decreasing k -1 ), the overall reaction rate will not improve further. At this point, the reaction rate just depends on the speed at which S and E diffuse together. The enzyme is doing all it can and it is said to have reached "perfection."
